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Abstract 

Measurements of emission and absorption 

spectra and relative quantum yield of luminescence 

of sodium salicylate have been carried out in the 

wavelength range between 1750 and 5OOOA at room 

temperature and at 8OoK f o r  different thickness 

samples. Among effects noted are an increase in 

total emission intensity of approximately 25% on 

cooling, a rather deep absorption hole at 27OOA 

and pronounced decreases in the relative quantum 

yield at 2700i and at 2000A. 
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INTRODUCT I ON 

It has previous ly  been reported t h a t  the  luminescent 

e f f i c i e n c y  of sodium s a l i c y l a t e  i s  independent of t he  

intensi ty  of t he  e x c f t i n g  r a d i a t i o n  and that the  r e l a t i v e  

quantum y i e l d  o f  t he  ma te r i a l  is cons tan t  over a wide 

s p e c t r a l  range ., Because o f  t hese  p r o p e r t i e s  the 

phosphor has become a widely used wavelength conversion 

d e t e c t o r  f o r  t h e  u l t r a v i o l e t .  

i n  our l abora to ry ,  however, it became apparent that  under 

c e r t a i n  condi t ions  the quantum y i e l d  w a s  not  as cons tan t  a s  

had been assumed. The experiments descr ibed i n  the  fol lowing 

were the re fo re  undertaken i n  order t o  determine the  magnitude 

and p o s s i b l e  causes  of these  depar tures  f r o m  the  cond i t ion  of 

cons tan t  quantum y i e l d .  

While us ing  sodium s a l i c y l a t e  

EXPERIMENTAL 

P o l y c q s t a l l i n e  l a y e r s  o f  sodium s a l i c y l a t e  of d i f f e r e n t  

th icknesses  were used as samples f o r  our experiments. These 

l a y e r s  were prepared by e i t h e r  sedimentation o r  by spraying 

on g l a s s  o r  quar tz  s u b s t r a t e s .  A spray  method developed by 

one o f  us ( R A K ) ,  see  Appendix, was found t o  be the  most 

convenient and use fu l  f o r  preparing f i n e  gra ined  and uniform 

l a y e r s  

For  emission spectrum measurements the  sample was 
0 

i l l umina ted  by the 25374 Hg l f n e ,  i s o l a t e d  by a B&L g r a t i n g  

monochromator, and t h e  luminescence w a s  analyzed with a 



Lefss s h g l e  prism mmcchrmator, In or",er to deternine the 

temperature dependence of the emission the sample was mounted 

in a vacuum cryostat which was provided with fused silica 

windows 
0 

Absorption spectra were taken in the range 2000-5OOOA 

with a Cary recording spectrophotometer (Model 14) 
Appropriate filters were used to determine the level of 

possible sample luminescence in the transmitted light. 
0 

At wavelengths longer than 2000A exc'ltation spectra 

were measured relative to a thermocouple using a previously 

described method . 5 Figure l a  shows the schematic arrange- 

ment. Most of these rneaswements were made with the 

exciting radiation normally incident on the sample and the 

luminescence passing through the phosphor and substrate to 

the photomultiplier, This is the method illustrated in 

Figure la and is referred to as the forward position of 

measurement or l'position Atto Some measurements were also 

made by observing the luminescence emerging from the 

irradiated side of the phosphor; this method is referred to 

as the backward direction of measurement or "position B t l .  

Suitable filters were used in front of the photomultiplier 

to exclude any of the exciting radiation and to determine 

the level of scattered light from the source. Samples used 

for these measurements ranged in thickness from 0.2 to 
2 10.0 mg/cm 

For measurements of the excitation spectrum in the 
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0 
reg ion  1750 t~ 22OOA the appara-us s h o r n  schemat ica l ly  ir: 

Figure l b  was used. Complete desc r ip t ions  of  the monochromator 

and a s soc ia t ed  equipment a r e  found elsewhere Here t h e  

samples of sodium s a l i c y l a t e  were deposi ted on t h e  f a c e  of 

the l i g h t  p ipe  which t ransmi t ted  the  luminescence t o  the  

697 

external photomul t ip l ie r .  I n  order t o  exclude s h o r t e r  

wavelength r a d i a t i o n  and t o  decrease s t r a y  l i g h t  response a 

s p e c i a l  chopper was f a b r i c a t e d  using a l t e r n a t e  s e c t i o n s  of 

fused d l i c a ,  a5sorpt ion edge approximately 1600A, and 
0' 

Vycor, absorpt ion edge approximately 2200A 

0 

RESULTS AND DISCUSSION 

Emission s p e c t r a  of a sodium s a l i c y l a t e  sample a re  

shown in  Figure 2. Curve 2a shows the  spectrum a t  room 

temperature while curve 2b was taken a t  80°K. 

slight s h i f t  of the m a x i m u m  t o  s h o r t e r  wavelength may be 

A very 

seen i n  the  l a t t e r  curve a s  w e l l  as bn increase  i n  t o t a l  

emission i n t e n s i t y  of approximately 25%. 

Resu l t s  of e x c i t a t i o n  spec t r a  measurements f o r  t h r e e  

samples a t  room temperature a r e  shown i n  Figure 3 .  The 

o r d i n a t e  i s  the  r e l a t i v e  quantum y i e l d  p e r  inc idbnt  

photon; 
7 

I 

7 '  x v  
where I i s  the pho tomul t ip l i e r  anode cu r ren t ,  V i s  t h e  EMF 

of t h e  thermocouple and k i s  an  instrumental  cons t an t .  The 
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t h i n n e s t  sample, #3,  shows a lower y i e l d  and a s i g n i f i c a n t  

drop a t  27OOA and a l l  samples exh ib i t  a no t i cab le  decrease 

between 2200 and 2000A. 

0 

0 

In h i s  work on sodium s a l i c y l a t e  Hamann 4 not iced  a 

s l i g h t  increase  i n  t h e  r e l a t i v e  y i e l d  o f  the  phosphor near  

2700A f o r  t h i c k  l a y e r s ,  t 7 1.6  mg/cm2, when observed i n  

the  forward d i r e c t i o n  but  no change i n  the  y i e l d  i n  t h e  

backward d i r e c t i o n  and no change i n  e i t h e r  d i r e c t i o n  f o r  

t h i n  l a y e r s .  

was due t o  a lower reabsorp t ion  by t he  phosphor but t h e  

author agreed t h a t  th is  explanat ion could not  account f o r  

t he  observed f l a t n e s s  of  t h e  y i e l d  curves f o r  t h inne r  

samples or f o r  t h i c k e r  samples i n  the  backward d i r e c t i o n  of 

observat ion.  A more reasonable explanat ion f o r  t h e  behavior 

observed here  is  seen i n  Figure 4 which shows the  absorp t ion  

spectrum of a t h i n ,  t"- 0.2 mg/cm sodium s a l i c y l a t e  l a y e r .  

A ve ry  d e f i n i t e  absorpt ion hole  appears a t  27OOA and it  i s  

concluded t h a t  t h e  decrease  i n  y i e l d  a t  27OOA observed here  

f o r  t h i n  l a y e r s  i s  due t o  t h e  f a c t  t h a t  a l l  t h e  inc iden t  

r a d i a t i o n  i s  not  absorbed. 

shown i n  Figure 5 ,  seem t o  support t h i s  reasoning. 

a l though f l a t  a t  room temperature, now shows a decrease a t  

27OOA brought about by a deepening of the  absorpt ion hole  due 

t o  a sharpening of t h e  absorpt ion spectrum wi th  decreas ing  

temperature.  

coo l ing  is-25% as expected f r o m  the r e s u l t s  of emission spectrum 

0 

1- ' 

0 It was suggeated t h a t  %he increase  near  Z7OOA 

2 

0 

0 

Yield measurements taken a t  80°K, 

The y i e l d ,  

0 

The increase  i n  the  magnitude of the  y i e l d  on 
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measurements. A l s ~  of i n t e r e s t  iii Figcre  5 1s the  f a o t  that  

the  decrease between 2200 and 2000A seem8 t o  be independent 
0 

of temperature. 

Figure 6 shows the r e l a t i v e  quantum y i e l d  of sodium 

s a l i c y l a t e  as measured w i t h  the  vacuum apparatus o f  Figure l a .  

Curve 6a shows data f o r  s ix  samples, a l l  of  thicknes,s g r e a t e r  

than 1.5 mg/cm , which dfd n o t  show the drop i n  y i e l d  a t  

27OOA. 

which d i d  show t h e  hole  a t  27OOA.  A d e f i n i t e  minimum i s  

evident  i n  both  curves a t  2000A but here  the drop i s  l a r g e r  

f o r  t h i c k  samples, amounting t o  approximately 20$ and t h e  

2 

0 2. 
Curve 6b i s  f o r  th fnner  samples, t < 1 mg/cm , 

0 

0 

y i e l d  does not r e t u r n  t o  as l a r g e  a va lue  on the  sho r t  wave- 

l e n g t h  s ide .  For t h e  th inne r  samples the  drop i s  o f  the 

order  of lo$ and t h e  y i e l d  values on e i t h e r  s i d e  a r e  equal .  

Absorption d a t a ,  as wel l  as the  behavior w i t h  th ickness  and 

temperature,  see t o  r u l e  out any explana t ion  i n  terms of 

v a r i a t i o n  of absorpt ion.  The reason o r  reasons f o r  th is  
0 

decrease  a t  2000A, which we wfsh t o  emphasize has been 

observed i n  t w o  independent s e r i e s  of measurements, w i l l  

t h e r e f o r e  be l e f t  a s  an unresolved quest ion.  

CONCLUSIONS 

On t h e  basis of our  measurements it would appear t h a t  

t h e  appropr i a t e  thickness  f o r  sodium s a l i c y l a t e  l a y e r s  f o r  

use a t  room temperature should be between 1.5 and 6.5 mg/cm2; 



z\;* + A  t h i c k e r  layers  show a slfoht 0 dec rease  ir, e f f f c fency  u v  

Increased reabsorp t ion  of the lumfnes'cence by the phosphor, 

while a t  lower temperatures somewhat t h i c k e r  samples should 

be employed. Under these  condi t ions the  y i e l d  i s  e s s e n t i a l l y  

f l a t  from 2200A t o  near  3400A. 
0 0 
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LIST OF ILLUSTRATIONS 

Figure l a  Schematic diagram of t h e  arrangement f o r  

measuring e x c i t a t i o n  s p e c t r a  i n  t h e  non- 

vacuum W. L = l i g h t  source; C = 13 cyc le  

chopper; B&L = Bausch and Lomb g r a t i n g  

monochromator; NS = entrance s l i t ;  XS = 

e x i t  s l i t ;  M = concave mir ror  (10 cm F.L.); 

S = phosphor sample, shown i n  "pos i t i on  A "  

( s e e  t e x t ) ;  PM = photomul t ip l ie r  d e t e c t o r  of  

t he  luminescence; T = r a d i a t i o n  thermocouple. 

Figure l b  Schematic diagram of t h e  arrangement f o r  

measuring e x c i t a t i o n  s p e c t r a  i n  t h e  vacuum 

W. L = l i g h t  source; M = vacuum mono- 

chromator; G = gra t ing ;  C = 13 cyc le  chopper; 

S = phosphor sample;  P = pyrex l i g h t  pipe;  

PM = photomul t ip l ie r ;  T = r a d i a t i o n  thermo- 

couple . 
Emission s p e c t r a  of sodium s a l i c y l a t e  a t  room 

temperature ( a )  and a t  80°K ( b ) .  

Re la t ive  quantum y i e l d  of t h r e e  sodium 

s a l i c y l a t e  samples as measured wi th  the  

Figure 2 

Figure 3 

Figure 4 

Figure  5 

apparatus  i l l u s t r a t e d  i n  Figure l a .  

Sample 1: t* 1.3 mg/cmz; sample 2: 

t ~ 1 . 6  mg/am2; sample 3: t - J O . 2  mg/cm . 
Absorption spectrum of a t h i n  (t- 0.2 mg/am ) 

sodium s a l i c y l a t e  sample. 

Re la t ive  quantum y i e l d  of one sodium s a l i c y l a t e  

sample a t  room temperature and a t  80 K. 
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Figure 6 Rela t ive  quantum y i e i d  of sodium s a l i c y l a t e  

as measured using the apparatus illustrated 

in Figure lb. 
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Figure  2. mission spec t ra  of sodium salicylate at 
room temperature ( a )  and a t  8OoK ( b ) .  
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Figure 3. Re la t ive  quantum y i e l d  of th ree  sodium 
s a l i c y l a t e  samples as measured with t h e  apparatus  
i l l u s t r a t e d  i n  Figure l a ,  Sample 1: t = 1 , 3  
Sample 2: t c 1 . 6  mg/cm2, Sample 3: t - J O . 2  
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Ffgure 4. Abs rptfon spectrum of a thin 
' ( t z  0.2 mg/cm 9 ) sodium salicylate sample. 
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Figure 5. Re la t ive  quantum y i e l d  o f  one sodium s a l i c y l a t e  
sample a t  room temperature and a t  80°K, 
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APPEM)IX 

O f  t he  var ious  methods developed f o r  the p repa ra t ion  of 

sodium s a l i c y l a t e  f i l m s ,  probably t h e  most wfdely used i s  t h e  

spraying technique. Using a standard atomizer,  however, t h e  

method i s  t i m e  consuming and the danger e x i s t s  of t he  forma- 

t i o n  of voids i n  the  f i l m  caused by l a r g e  drops which may 

reach the  sur face  being coated. The technique descr ibed 

here  avoids these  complications and i n  a d d i t i o n  r e s u l t s  in  

much more uniform and f i n e  grained l a y e r s  than  can be e a s i l y  

made w i t h  a s tandard  atomizer. 
i t  

A commercially a v a i l a b l e  nebul izer  f o r  aerosol  therapy 

fs modlfisd a8 shown i n  t h e  f i g u r e  by t h e  a d d i t i o n  of a s m a l l  

ape r tu re  a t  the output  end. The nebu l i ze r  produces an 

extremely f i n e  spray,  i.e. small d r o p l e t  Bize, which i s  

d i r e c t e d  through the  ape r tu re  onto the  su r face  t o  be coated.  

We have found that,  depending on t h e  speed des i r ed ,  ho les  of 

1/16 t o  1/32?' a r e  adequate. 

1 t o  2 lb/sq. in .  avoids the p o s s i b i l i t y  that any l a r g e  drops,  

which may be a c c i d e n t a l l y  formed, w i l l  reach t h e  sample being 

The use of a low a i r  p ressure ,  

coated.  Since t h e  m i s t  d r i e s  on con tac t  t h e  coa t ing  may be 

app l i ed  cont inuously and uni form l a y e r s  of -any des i r ed  th i ck -  

ness may be produoed in  minutes. 

* Devilbiss Glass Nebulizer #bo, The DeVflbiss Company, 

Somerset, Pennsylvania, ava i l ab le  i n  most drug s t o r e s .  



SURFACE 
TO BE 

COATED 

OeVlLBISS #40 
NEBULIZER 

‘SODIUM SALICYLATE 
SOLUTION 

TO COMPRESSED 
AIR SUPPLY 

Appendix Ffgure 


